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Experimental Methods
Chemicals and reagents. 2,4,6-Collidine and HNO 3 with the highest grade were purchased from Sigma-Aldrich (St. Louis, MO). Metal salts were purchased from Sigma-Aldrich or Alfa Aesar (Ward Hill, MA) with the highest purity possible and used without further purification. The metal salts used and their respective place of purchase were listed in Table S1 .
Instrumentation. ODFs were synthesized on ABI 394 DNA synthesizer. Oligonucleotide masses were determined with a Perspective Voyager-DE RP Biospectrometry MALDI-TOF massspectrometry instrument. Gas chromatography was performed on a Shimadzu GC17A instrument equipped with an EC detector. Semi-preparative high performance liquid chromatography was performed on a LC-20AD Shimadzu liquid chromatography system, equipped with a SPD-M20A diode array detector and a CBM-20A system controller using reverse phase (C5) columns. ODF imaging was performed on a Nikon Eclipse 80i epifluorescence microscope equipped with a Nikon Plan Fluor 4×/0.13 objective and a QIClick™ digital CCD camera.
Metal ion analysis. 1 mM metal ion solutions were prepared in 5 mM 2,4,6-collidine·HNO 3 buffer (pH 7.3) (Cellgro Molecular Biology Grade Water, Corning) and subsequently diluted to 100 µM/5 µM with the same buffer. For those metal salts that failed to dissolve at 1 mM, 100 µM solutions were prepared directly.
Phosphoramidite monomers and ODF library construction. The syntheses of deoxyfluorosides E, Y 1 , H 2 , BC, BP, HQ, and QB 3 were performed as previously described. The spacer phosphoramidite (S) and the 6-thio-dG-CE phosphoramidite (L) were purchased from Glen
Research (Sterling, VA). The library construction was carried out on 130 µm aminefunctionalized PEG-polystyrene beads (NovaSyn TG amino resin, Novabiochem) by the previously reported split-and-pool procedure to yield 6561 sequences. 2 Beads were chemically tagged for gas chromatographic sequence identification by the method of Still. 3 ODFs were deprotected using 50 mM NaSH in 1:1 ammonium hydroxide/40% aqueous methylamine at 65°C, washed with EDTA in DMF, 1 mL water (×3), 1 mL acetonitrile (×3), 1 mL CH 2 Cl 2 (×3), and dried under high vacuum before use in the screening.
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Library screening. Samples of the ODF library (~50 beads) were dispersed on a double sided tape (3M Scotch removable double sided tape) adhered to a Petri dish (Tissue Culture Dish 35×10mm, Falcon) for 10 min. 10 μL of buffer (5 mM 2,4,6-collidine·HNO 3 , pH 7.3) was added onto the tape covering the beads and incubated for 10 min protected from light. The beads were then imaged using an epifluorescence microscope with 4× objective (λ ex = 325-375 nm; λ em >420 nm), QCapture Pro 7 imaging software and QIClick™ digital CCD camera. The exposure setting was adjusted so that most of the beads are properly exposed. The metal solution in the same buffer content (10 μL) was added and the beads were incubated for 1 h at room temperature, while the Petri dish was covered to minimize evaporation. The beads were then imaged again using the same microscope setting as the "before" image. The before/after images were digitally overlap using Photoshop CS 6 with the inverse-colored-before image at the bottom and the after image with 50 % transparency on top. Beads exhibiting fluorescence changes were isolated manually and placed into a sealed capillary tube (KIMAX, Kimble Chase). CAN solution (3 μL, 0.5 M ceric ammonium nitrate in 1:1 water: acetonitrile) was added to release the tags and the capillaries were centrifuged briefly. Anhydrous decane (3 μL) was added and the capillaries were centrifuged again ensuring that the liquids and the beads were at the bottom. The capillaries were sealed with a flame torch and sonicated for 3 h. The compositions of the tags were analyzed by EC-GC to yield ODF sequences. evaporator, redissolved in water (2 mL) and purified by C5 reverse-phase HPLC and characterized by MALDI-TOF mass spectrometry.
Data processing with discriminant analysis and agglomerative hierarchical clustering.
Discriminant analysis is a statistical technique that analyzes multidimensional data (27 dimensions in our case-∆R, ∆G and ∆B of the 9 ODF sequences) to produce a score plot in a transformed coordinate to potentially reveal a smaller number of dimensions that allows maximum discrimination. 4 In order to perform the analysis, multiple experimental trials of an Agglomerative hierarchical clustering (AHC) is another common technique employed for pattern differentiation. AHC allows data grouping based on overall pattern similarity, assuming all experimental trials for each analyte are independent to begin with. The closely related pattern (usually two different experimental trials from the same analyte) will be linked with a low dissimilarity branch while distinct responses will be clustered with a high dissimilarity branch on the dendrogram.
Titration curves. Titration curves were obtained using a Costar 96-well plate with a Tecan
Infinite M1000 microplate reader. The metal salt dissolved in 5 mM 2,4,6-collidine·HNO 3 buffer (pH 7.3) was added to each well containing chemosensor BP-H-S-S dissolved in the same buffer.
Each well contained 50 µL solution with 200 nM of ODF and metal concentration listed in Figure S14 . The relative fluorescence emission (compared to ODF without metals) at 388 nm was recorded and plotted against log(concentration of metal ions). The data were then fitted to a sigmoidal curve using GraphPad Prism6.
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Blind test. 100 µM solutions of the 50 targeted metals were prepared. Each solution was divided into two, one was labelled with the chemical symbol of the metal and the other one was randomly assigned a number unknown to the experimenter. The responses of the ODF sensors were then recorded for each sample using the cross-screening procedures listed above. The RGB data from the unknown were then averaged and combined with the data from the Standard in the same spread sheet. AHC was then performed to record grouping of the unknowns and standards. Figure S18 . Dendrogram from agglomerative hierarchical clustering (AHC) of differentiating unknowns and standards at 5 µM that showed strong quenching to ODF sensors at 100 µM.
